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TECHNICAL NOTE 4Oh2

THE SUBSONIC STATIC AERODYNAMIC CHARACTERISTICS OF
AN ATRPLANE MODEL HAVING A TRIANGULAR WING
OF ASPECT RATIO 3. II - LATERAL AND
DIRECTIONAL CHARACTERISTICS'

By Howard F. Savage and Bruce E. Tinling
SUMMARY

An investigation has been conducted to determine the effects of
vertical-~tail location and size on the subsonic aerodynamic characteris-
tics of a model having & trianguler wing. The wing had an aspect ratio
of 3, an NACA 0003. 5-63 section in the streamwise direction, and plain,
trailing-edge ailerons. The wing was attached to the fuselage in either
a mid or high position and an unswept horizontal tail was located on the
fuselage center line, Two vertical tails were tested which hsd sreas of
26.7 or 20.3 percent of the wing area. Each vertical tall was equipped
with a rudder and had a geometric aspect ratio of 1.5, a taper ratio of
0.16, and 54° of sweepback of the leading edge. Each vertical tall was
tested at two different tail lengths., The wind-tunnel tests were con-
ducted at a Reynolds number of 2.5 million at Mach numbers from 0.25 to

0.95.

The directional stebility diminished markedly at high angles of
attack. The directional stability for a given tall volume was grester
for the mid-wing than for the high-wing conflguration because of more
favorable wing-tall interference. It was found that the contribution of
the vertical tail to the directional stability of the fuselage-tall com~
bination at zero angle of attack could be estimated from existing methods.
The variation of rudder effectiveness with either angle of attack or
sideslip was small. The ailerons were found to provide adequate lateral
control. Differential deflection of the two halves of the horizontal
tail to provide lateral control was found to be relstively ineffective.

INTRODUCTION

Research has been undertaken in the Ames 12-foot pressure wind
tunnel to investigate the aerodynamic characteristics of an ailrplane
model having a triangular wing with an aspect ratio of 3. Results of
this Investigation pertaining to the effects of horizontal-tail location
and size, the effects of trailing-edge flaps aend the effects of proximity
to the ground are presented in references 1, 2, and 3.

lSupersedes recently declassified NACA RM A55Bll by Howard F. Savage
and Bruce E. Tinling, 1955.
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This report presents results of a part of the investigation conducted
to evaluate the effects of vertical-tail size and location on the lateral
and directional stability. The separate contributions to the directional
and lateral stability of the wing-fuselage combination, of the vertical
and horizontal tails, and of mutual wing-tail interference were evaluated.
The rudder effectiveness and the lateral-control effectiveness of tralling-
edge ailerons and of differential deflection of the horizontal tall were
also measured. The tests were conducted at Mach numbers up to 0.95 at a
Reynolds number of 2.5 million. .

NOTATION

Flgure 1 shows the sign convention used for presentation of the data,
All controle-surface deflectlons are meassured in a plane perpendicular to
the hinge or pivot line of the control surface. The coefficlents and
symbols are defined as follows: ‘o :

b2 L . )
A aspect ratio, 5 - —
b span
c chord B
¢ mean aerodynemic chord
1ift
Cy, 1ift coefflcient, o - o
Cm pitching-moment coefficient, Ritching moment —
ASyCy
Cy lateral~force coefficient, lateral force
qSw
Cn yawing-moment coefficlent, YLoWiDE moment
: aSwbw
C: rolling-moment coefficient, rolling moment
4Py
iy incidence of the horizontal tall with respect to the wing

chord plane, deg

(it)av average incidence of the horizontal tail surfaces, deg

Al difference between angles of ineldence of the horizontal-tall
surfaces, positive to induce positive rolling moment, deg
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£2lng
Kn wing-tail interference factor,
[(Cn ﬁ)vh:l a =
iy vertical-tail length, longitudinal distance from moment

- Cy
center 0,375 &y to T

M free-gtresm Mach number

n fineness ratlo, mxiia::n?i:meter

P rolling velocity, radians/sec

‘q free-stream dynemle pressure

R Reynolds number based on the wing mean aerodynamic chord
5 area

v Pree-stresm veloclty, f£t/sec

X,Y,72 orthogonsl coordinates with origin on the fuselage center

line at 0.375 & (fig. 1)

Zy perpendicular distence from fuselage center line to -IE

CYB ( )G = constant

CnB < = constant

c

8 ) = constant

C'\,r - C

<CYB vh ( “B/rvhn (YB):E‘

8vh 1ift-curve slope of vertical tail in combinastion with horizontal
taill and fuselage, at zero angle of attack; based on vertical-
tail area

o angle of attack corrected for tunnel-wall interference, deg

oy geometric angle of attack, deg

B angle of sideslip, deg
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Ty, ,M, Tactors used in equations (5), (6), and (7) to agecount for the
l effects of angle of attack on the tall contribution to the
gtablility derivatives of the fuselage-tail combination,
o
My =10, = nz = 1,00 when o =0

By rudder deflection, deg

LB, difference between the deflectione of the right and left
alleron, positive to induce positive rolling moment, deg

AlOYB wing-fuselage interference factors; that is,

s CYPICAICY
A = - -

£aCy, 101 cYB)wf ) "\ e

AQGYB Increments in stabllity derivatives caused by wilng inberference
on the tall effectiveness; that is,

£2Cng

G = - L] -
=01 £t [<0Y5>wfvh <0Y5>wf:| [(GYB)Evh (CYB>f]
Subscripts

w wing

il fuselage

v verticel tall

h horizontal tall

effective

®

MODEL

The geometry of the model 1s shown in figure 2. The wing had an
aspect ratio of 3 and an NACA 0003.5-63 section in the streamwise direc-
tion. Two vertical talls were tested which had areas equal to 20.3 and
26.7 percent of the wing area. Each vertical tail had a geometric aspect
ratio of 1.5, a teper ratio of 0.16, & thickness-chord ratio of 0.035 in
the streamwise direction, and 54° of sweepback of the leading edge. Each
vertical tail had a rudder with an ares equal to about 10 percent of the
vertlical-tall area. An unswept horizontal taell with an area equal to
21.9 percent of the wing area and an aspect ratio of 4 was located on the
fuselege center line. The fuselage was designed to permit the tall to be
placed sbout 0.45 or 0.60 wing semispans behind the moment center snd to
permit the wing to be placed either in a mid or high positlion. Further
Pertinent geometric deteils are gilven in table I, and tail lengths,
volumes, heights, and sizes are given in table II.
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During the tests to evaluate the static dlrectional and lateral sta-
bility, the wing was not equipped with allerons. (See fig. 3.) At the
conclusion of these tests, plain trailing-edge ailerons were installed
which had a total srea equal to 6.7 percent of the wing area. The ailerons
were supported by external brackets and were not sealed.

The components of the model were machined from solid steel and were
designed to permit testas of the fuselage alone or in combination with any
of the other model components. Forces and moments were measured wilth a
four-component strein-gage balance enclosed within the model body. When-
ever glx components were desired, it was necessary to rotate the balance
90 about the longitudinal axis of the model and meke a second test. ‘'The
model was mounted on a bent sting which permitted the model to be tested
through a range of angles of attack at either 0° or -6° of sideslip.

(See fig. 3.) By rolling the model 90° with respect to the sting, tests
could be made through a range of angles of sideslip at eilther o° or
angle of attack.

TEST PROCEDURE

Tests were first conducted to establish that the model was symmet-
rical end that the varistion of Cy, Ch, and C; with angle of sideslip

was agpproximately linear, With these factors established, further testing
to evaluate the static lateral and dlirectional stability derivatives was
limited to varying the angle of atback at an angle of sildeslip of about
-6°. The lateral and directionsal stabllity derivatives were then evalu-
ated by simply dividing the measured coeffilcient by the angle of sideslip.

Tests at zero sideslip were conducted to evaluate the lateral-control
effectiveness of the ailerons and of differential deflection of the two
halves of the horizontsl tail. Tests to evaluate the rudder effectiveness
were conducted both with varisble sideslip at about 6° angle of attack and
wlth variable angle of attack with zero sideslip.

The incidence of the horizontal tail was -l.6°, except during the
tests to determine 1ts effectiveness as a lateral-control device,

CORRECTIONS TO DATA

The measured angle of attack and angle of sideslip have been cor-
rected for static deflection of the balance and sting. No corrections
were added to the angle of attack to account for the induced effects of
the tunnel wealls resulting from 1ift on the model. This correction has
been calculated by the method of reference 4 and is equal to an increase
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in the angle of attack of 0.3 Cr,. Correctlons to account for the induced
effect of the tunnel walls on the measured lateral force, yawing moment,
rolling moment, and pitching moment were negligible.

The data have been corrected by the method of reference 5 to account
for the effects of constriction due to the tumnel walls. At a Mach number
of 0,90, this correction amounted to an increase of about 1 percent in the
dynsmic pressure.

The effect of Interference between the model and sting support which
could influence the measured forces and moments, particulerly those due
to the horizontal and vertical talls, is not known. It 1s believed that
the main effect of the stlng on the chord force was to alter the pressure
at the base of the model body. Conseguently, the pressure at the base of
the model was measured and the chord force adjusted to correspond to a
base pressure equal to free-stream stetic pressure.

RESULTS

Results are presented in figures 4 and 5 which illustrate that the
forces on the model at zero angle of sideslip were, in general, symmet-
rical with respect to the plane of symmetry for angles of attack less
then about 20°, and that the variation of Cy, Cn, end C; with angle of
sideslip was approximately linear. The capacity of the balance component
used. to measure lateral force was large compared to the lateral forces
since the component was designed to measure normal force. As a result,
the accuracy of the lateral-force meagsurements was limited as is 1llus-
trated by the scatter in the lateral-force data, Data showing the effect
of sideslip on the 1ift and pitching moment are presented in figure 6.

The results of the tests to evaluate the static lateral and direc-
tional stability derivatives have been tabulated in table III. Sufficlent
date to illustrate the effects of the various components of the model on
the static lateral and directional stability have been presented in
flgures T through 10, and the effect of tall size, tail length, wing
height, angle of attack, and Mach number are summerized in figures 11

through 17.

The results of tests to evaluate the lateral-control effectiveness
of plain ailerons and of differential deflection of the two halves of the
horizontal tail are presented in figures 18 through 22. Some of the
results of tests to determine the effectiveness of the rudder are pre-
sented in graphical form.in figures 23 through 25. The remainder of the
results pertaining to rudder effectiveness can be found in table IV.
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DISCUSSION

Lateral and Directional Stability Characteristiecs

Method of analysis.~ The data obtained during this investigastion
permit the statle directional and lateral stability for the complete model
conflgurations to be analyzed in terms of the separate contributions of
the tail and wing-fuselage combingtion plus an interference factor. This
analysis is similar to that presented in refé&rence 6 except that the
method of testing in the present investigation did not permit evaluation
of the wing-fuselage interference factors Alcl'g > A1lng, and AlCZB-

The static derivatives of the complete model can be expressed as
<CYB>ufvh - (cYB)wT ¥ (CY;a)vh + £eCrp ()
) +(9),
< B wEvh B Wi B vh Aecnﬁ

<é25 S = <?zé>wf + <§Zé)fh + AQCZg (3)

It is convenient to rewrite equation (2) in the following forms

ORI TR R NI

The contribution of the vertical tall to the latersl snd directional
stabllity of the fuselage-tail combination can be expressed as

<0xB |, = "o (sv/sw) Ny (5)

(o),
(018, = = &/ (sufow) st & - (sufo) eom o] n, (1)

vhere ayy 1s the effectlve lift-curve slope of the vertical tail in the

Presence of the fuselage and horizontal tall when the model is at zero
angle of attack.

8vh <Zv/ bw) év/ Sv) T (6)
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lete model.- The date obtalned with variable gideslip at an
engle of attack of about 6° (fig. 5) show that the effective dihedral
wag positive aend that the tall provided directional stability st angles
of sideslip up to at least 14° at Mach numbers up to 0.95. The effect of
sideslip on the 1ift and pitching moment was smell. (See fig. 6.)

The effect of wing height on the variation of Cyﬁ, GnB, and CZB

with angle of attack for the complete model with the lergest tall volume
is shown in figure 7. For elther wing height, the directional stability
diminished at the higher angles of attack and the effective dihedral
diminished above an angle of attack of from 29 to ho, depending upon the
Mach number. Moving the wing from the fuselage center line to 0.10 bw/E
above the center line decreased the directional stability and increased
the effective dihedral.

Wing~fuselage combination.- Deta obtalned with the taill removed are
presented in figure 8. As would be anticipated, the wing~fuselage com~-
bination was directionally unstable. A comparison of figures 7 and 8
indicates that the abrupt reduction of the effective dihedrsl of the com-
plete model between angles of attack of about 4° and 8° was caused by the
wing-fuselage combination. Increasing the wing height increased the
effective dihedral of the wing-fuselage combination at Mach numbers
greater than 0.25 but caused very little change in the directlonal
gtability.

The effect of Mach number on the stability derivatives of the wing-~
fuselage combination at an angle of attack of 0° is shown in figure 11.
Increasing the Mach number had no significant effeect on either the direc~
tional staebility, CnB, or the lateral-force derivative, Cy The effective
dihedral, -GZB, for the high wing position inecreased markegly with Mech
number as 4id the parameter, aCzB/Bm for either wing position. It should

be emphesized, however, that the date shown in figure 1l are for an angle
of attack of O° and the variation of C;, with angle of attack became

nonlinear at sngles of attack sbove about 3° (fig. 8).

Fuselage-tail combination.- The lateral and directional stebility
characteristics of the fuselage alone and of the fuselage-~tail combineation
are shown in figure 9. Data which illustrate the end-plate effect of the
horizontal tail sre presented in figure 10.

The contribution of the vertical tail to the lateral and directional
stability of the fuselage-tall combinstion at zero angle of attack is pre-
gented as a function of Mach number in figure 12, The estimated value of
this contribution calculated from information presented in references 6,

7, 8, and 9 is also shown in figure 12. The calculation is based on deter-~
mining the effective aspect ratio of the vertical tail in the presence of
the fuselage fram reference 6 and the end-plate effect of the horizontal
tail from reference 8. The lift-curve slope s&yh corresponding to the
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resulting aspect ratio was evaluated by the method of reference T and cor-
rected for the effects of compressibility by the method of reference 9.

Bquations (5), (6), and (7) were then used to calculate <?Yé>vh, <?né>vh’

and <§Z ) e« This method afforded a reassonable estimation of <§n )
B/vh B/vh

and (g;é) but consistently overestimated <éyé> " Similar agreement
vh v

between estimated and experimental results is indicated in reference 10
for a tall asgembly different from that tested during the present
investigation.

The factors given in references 6 and 8 for determining the effec-
tive aspect ratio are empirical and were determined from experimental
yvewing-moment results with the assumption that the center of pressure of
the vertical-tail losd was at &Gy/h. The effective aspect ratios evalu-
ated from the yawing-moment results of the present investigation agree
well with the values estimated from references 6 and 8. (See fig. 13.)

It 1s apparent, then, that the overestimation of (?yé) must have been
vh

due to the center of pressure of the vertical-tail load lying behind its
assumed location &y/k.

The effect of angle of sttack on the parameters (?Yé>vh and (?nﬁ "
v

was evaluated in terms of the factors ny and 1,, respectively. These
results, vhich are presented in figure 1k, indicate a reduction in the
contribution of the tall to the directional stability of the fuselage-
tall combinetion at high angles of attack except at a Mach number of 0.90
where the factor 1, was about 1.0 at angles of attack greater than about
12°. In general, however, the decrease in the factor 1, with increasing
angle of attack became more severe with lncreasing Mach number. At a Mach
number of 0.95, the value of 1y was about 0.70 at an angle of attack of
10°. For a given Mach mumber, the variation of the factor 7y with angle
of attack was similar to that of 1.

A direct evaluation of the factor 1; from the experimental results

A . A
is not practical since the value of the expression <§§-51n o - 55 cos %)

approaches zero at an angle of attack of between 10° and 18° thereby
yielding meaningless values of 7. (see eq. (7).) Tt is stated in ref-
erence 6 that the value of 7; is usually found to be 1.00. The experi-
mental results of the present investigation also indicate this to be
epproximately true. This is illustrated in figure 15 where the
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experimental variation of <Fzé> with angle of sttack is compared with
vh

the variation calculated from equation (7) with n; set equal to 1.00.

Interference between the wing and tail assembly.- The increments in
the lateral and directlonal stebllity parameters caused by wing-tail
interference are presented in figure 16. It is convenient to reduce
AsCnpy  to the factor X,. Because of the limited accuracy of the measure-
ments, a similar treatment of the lateral-force date is not presented.

The factor Kpn represents the magnitude of wing-tall interference in terms
of the contribution of the tall to the stebility of the fuselage-tall
combination at en angle of asttack of 0°. (See eq. (4).) The variation

of Kn with angle of attack i1s presented in figure 17. A comparison of
these resulte with those presented in figure 14 indicates that the Ffactors
Kn and 1n are, in general, compensating. For the mid-wing configurations,
the sum of the factors X and np was between 0.9 and 1.1 at all angles
of atfack for all Mach mmbers. The value of the factor K, for the high-
wing position was about 0.05 less than the value for the mld-wing position
at an angle of attack of 0°, This difference became greater with inereas-
ing angle of attack which accounts for the reduced directional stability
vhen the wing was in the high position. (See fig. T.)

The velue of the interference factor ACi, (fig. 16(c)) was greater
for the high-wing econfigurations (flagged BymboEs) than for the mid-wing
configuration at Mach numbers greater than 0,25, It is apparent, then,
that a part of the increase in effective dihedral of the wing-fuselage
combination resulting from moving the wing from the mid to the high posi-
tion was nullified by wing-tail interference. (Compere figs. T and 8.)

Lateral~Control Effectliveness

Trailing-edge ailerons.~ The effect of ailleron deflection on the
longitudinel and lateral characteristics is shown in figure 18. The effect
of aileron deflection on the longitudinal characteristics was negligible.
The allerons maintained positive effectiveness throughout the 1ift range.
Deflection of the ailerons resulted in a small favorable yawing moment
at the lower 11ft coefficients end in an unfavoreble yawing moment at the
higher 1ift coefficlents.

Because the horizontal tall hed such a large span compared to the
wing span, it would.be anticipated that the rolling moment due to ailleron
deflection would be altered by the action of the wake on the tail. For
this reason tests were conducted with the tall both on and off. The
results, which are presented in figure 19, show that the magnitude of
this effect was small. ’

The effect of Mach number on the alleron effectiveness is illustrated
in figure 21. The effectiveness of the allerons as indicated by J3C;/dA8g
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inereased by =bout 4o percent as the Mach mmber was increased from 0.25
to 0.95. The damping in roll at zero angle of attack wasg calculated and
an estimate was made of the wing-tip helix angle pb/2V resulting from
20° of total aileron deflection. The low-speed value of the damping in
roll Czp was calculated by the method of reference 11 and correctlons

for the effect of compressibility were obtained from reference 9. The
results of these calculations indicated that an asileron deflectlion Abg
of 20° would result in a value of pb/2V of about 0.120 at a Mach number
of 0.25, and sbout 0.159 st a Mach number of 0.95. It should be noted,
however, that the wing of the model was constructed from solid steel and,
hence, aeroelastic effects, which would reduce the effectiveness of the
allerons with increasing dynemlc pressure, were minimized. :

Horizontsl tail es a lateral-control device.- The effects of differ-'
ential deflection of the two halves of the horizontal tdml are shown in
figures 20 and 22. Differential deflection of the horiZontal tail did not
impair its effectiveness as a longitudinal control. However, large dif-
ferentisl deflections were required to produce a sizsble rolling moment.

A large favorable yawing moment accampanied differential deflectlon of the
horizontal teil, undoubtedly resultling from forcpg duced on the vertieal
tail. Calculations for the case of zero sideslipiz angle of attack
showed that the wing-tip helix angle pb/EV for 1%, 9 differential deflec-
tion of the control would be 0.033 at & Mach number of 0.25, and about
0.0k2 at a Mach number of 0.95. The rolling moment caused by the rudder
deflection required to maintsin zero sideslip was not considered in this
caleculation., If the larger of the vertical tails were used, this addi-
tional rolling moment at an angie of attack of 0° would increase the
calculated helix angle by about 50 percent..

..

Rudder Effectiveneséﬁ;ﬁ- —

Date are presented in figures 23 and 24 which illustrate the effect
of a rudder deflection of 10° on Cy, Cn, and Cy. All the data obtained
with the rudder deflected are presented in table IV. The rudder had
nearly uniform effectiveness for all values of o and B for which data
were obtained. The rudder effectiveness varied only slightly throughout
the test range of Mach numbers. (See fig. 25.)

CONCLUSIONS

The results have been presented of a wind-tunnel investigation to
evaluate the lateral stability and control characteristics of either mid-
wing or high-wing airplane arrangements having s thin triangular wing of
aspect ratio 3. The results indicate the following conclusions:
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1. The contribution of the tail to the directicmnel stability of the
fuselage~tall combination at zero angle of attack could be predicted wilth
sufflcient accuracy by exlsting methods.

2. Increasing the angle of attack reduced the directional stability
of & fuselage-tail combination., This reduction became more severe with
increasing Mach number, ' ) .

3. For the mid-wing configuration, a favorasble wing-taill interfer-
ence was sufficlent to result in nearly constant directional stabllity at
angles of attack up to about 14°. For the high-wing configuration, the
wing-tail Interference was less favorable, resulting in less directioral
gtabllity for a given tall volume, particularly at the higher angles of
attack,

L, The effective dihedral was greater for the high-wing than for
the mld-wing configuration. The éffective dihedral diminished in either
case as the angle of attack was increased beyond sbout 3°.

5. For the solid steel model, for whick aerocelastic effects were
small, adequate rolling momente could be developed by the trailling-edge
allerons. Large differential deflection of the two halves of the hori-
zontal tell was required to produce a relatively small rolling moment.

6. For the ranges of variables covered in this investigation, the
yeawing moment resulting from 10° rudder deflection was little affected
by angle of attack, angle of sideslip, or Mach number,

Ames Aeronautical Laborstory
Nationel Advisory Committee for Aeronsutics
Moffett Field, Calif., Feb. 11, 1955
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TABLE I,- GEOMETRIC PROPERTIES OF THE MODEL

Wing (leading end tralling edges extended to plane of symmetry)
Aspect r8LI0 4 . . i e 4 6 4 h e e e e e e e e e e e e e e 3. O
Taper Tablo o o 4 ¢ ¢ e o o s o s o o o o o o o o o o s
Sectdon . . . 4 b 4 e e ke e e e s e e s e e e e NACA 0003 5= 63
Area, 8 Tt v 4 v 4 e b b 4 e e e e e e e e e e e e e e L, 000
Mean aerodynemic chord, £ . v v« v « « v v « « « o + « o« + . L5k
Spen, £t . . . . . T R T
Sweepback (leading edge) e e s e e s e e e e e e e e . B3.10
Adlerons
Area (each), sq £t . .

O o T )
Chord, £t ¢ ¢ 4 ¢ & ¢ ¢ ¢« o o o o ¢ o o o s o s o o o o o o 0.208
Span, ft . e s e o s e 4 e s e s s s e s w e 8 s e 0.722

Horizontal tail (leading and treailing edges extended to plane of
symmetry)

Aspect ratio . & 4 v v h i b e e e e e e e e e e e
Taper ratio . . . . . ¢« ¢« & v ¢« ¢« « + .
Sectlon~ v v v v % & o e s e s s e
Pivot line (fraction of root chord) . . . .
Area, 8@ FE & i 4 6 4 ¢ 4 ¢ 4 & o @ o 6 0 8 e b e

. . i, 00

.. 0.33
NACA 00Ok

Span, £t . . . o . . e e e e e
Sweepback (0.50 chord line) et e e e e e e
Vertical talls (leading and trailing edges extended to fuselage
center line)
Aspect ratio (geometric) . v v 4 o v b e v e e e e e e e e 1.5
Taper YabI0 o & v v 4 ¢ 4 4 o o s e o 4 o s s e 4 8 e 4 0. 0.16
Sectlon 4 4 4 4 4 4 4 4 e+ . 4 s e e e s s« « . o NACA 0003.5-64
Ares
Large, 8q £t . Te e
Smell, 8 5 4 4 v v 4 4 4 4 b e e e e e e e e e s ... 0812
Span . : S :
TATZE, T v v ¢ o o oo o o o o v t o s o e e e e e s e . 1269
Bmall, £ . 4 ¢ ¢ ¢ s &t 6 0 o 0 o 8 e o e o 8 s e o s L1007
Mean serodynamic chord '
Targe, £ ¢ & ¢« 4 6o ¢ o o ¢ s ¢ o o o s & . .« . .
Smell, £t . . . C e e e e e e e e e e e e e .. 0862
Sweepback (leading edge) G o e e e e e e
Rudder Ares .

P
)
)

Finenegs ratlo '
Iong fuselage o+ &« ¢ ¢ ¢ ¢ ¢ ¢ o o o o s s o o & o s o o iz.0
Short fuselage . . o « o o o o o =« o o o a o o o s » + + » 10.9
Bage area, 89 £t o . v v ¢ ¢« o e 6 s v o s e e s e e e e . 0.1302
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TABLE I.- GECMETRIC PROFERTIES OF THE MODEL - Concluded

Fuselage (concluded)
Coordinstes® (long fuselage):

Distance from nose, Radius,
in, in.
0 o]
5.00 .80

10.00 1.4y
15.00 1.94
20,00 2.32
25.00 2,60
30.00 2.79
35.00 2.90
40.00 2.97
45,00 2.99
51.25 3.00
57.75 3.00
€L.75 2.99
65.75 2.90
69.75 2,67
72.00 oLk

lRemovable section from 51.25 to 57.75 inches from nose.

TABLE II.- MOMENT CENTERS, TAIL. LENGTHS, AND TAIL VOLUMES

Moment | Teil size, | Pail length, | Tall volume, | Tail height,
centers Sv/Sw Zv/bw ZvSv/waw zv/bw
0.375 &y 0.267 0.143 0.118 0.139

.267 .599 .160 .139

.203 163 .09k 21

.203 .620 126 121
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(a) Complete model

TABLE ITI,- LATERAL AND DIRECTIONAL STABILITY DATA
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(a) Complete model - Continued

TABLE IIT.- LATERAL, AND DIRECTIONAL STABILITY DATA - Continued
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TABLE III.- LATERAL AND DIRECTIONAL STABILITY DATA - Continued

(a) Complete model - Continued
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(a) Complete model ~ Concluded

TABLE III.- LATERAL AND DIRECTIONAL STABILITY DATA - Continued

High wing
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TABLE ITI.- LATERAL AND DIRECTIONAL STABILITY DATA - Continued

(b) Wing-fuselage combinations
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(b) Wing-fuselage combinations - Concluded

TABLE ITI.- LATERAL AND DIRECTIONAL STABILITY DATA - Continued
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TABLE III,~ LATERAT: AND DIRECTIONAIL: STABILITY DATA -~ Continued

(c) Fuselage-tall combinations
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8,/Sy=0267 , l,/b, =0443

ARHAYS A ANDE-O0O HO
AN RNAHOOAD-0 W
Relrd ArdHEAHOO0OOD00
Q00000000 COODO
Q99284QQQQ9QQq
0000000000000
trtrrrer

HAVVSHRCMTT D
QA-WIRHOOCO®-OW
Nrrdrdrdddi0O000
=YY 1-T-T-7-T-2-7-Y-Y-¥-¥-}
QQQ]QQAQRCQQQQQQ
[ Y-T-1-Y-1-3-1-2-T-T-T-¥-T-]
IEEREE RN R

VeEIWNEDANAXD RO
MNADONRAMNAONK-VN
NRA AN AAAAIAQO00
[eleoX=T>YaYoloYoYoYoY=YaVa)
29QQ92992eQqQQq
00000 DOO0O0OCO0
L U U O T S T TR O A IO B N |

AYOANOALORARO AN
DAV TN TN -0
RNAHE A AL AN AOOO
0000 OoODOOO0COO0
QQ2QQeQQ{aQQqQQ
0000000000 D00
| J00 T T T T T T O TN U O |

Al DDOANA
MO0 ¢ ¢ NA e
KA Al A A A HO
CO0000DOOOO
@Q0999qqaqq
COO0COOOD00O
L2 I IO T T T IO O |

OB oWm- 00D
VR-CTRADOR®
N AAS - HOO
O0OOOOOO00D
299249]g2QQ
OO0 DO0DO00O
| O T T T T O O

DOooWnweYnMt-otVn
MNOAYT T T TTCCNARANDN
LA A A S AR KL XX Ealylyl
0000000 COCOO00
29Q9QQeQgqaqQqe
CTOVO0000000O00

VOMOV- XWX O
~PYVVVVE-LCRNENRO TV
LA L A LA AR A A SR Ealll
[eY=YaYolaloYaYoNaloNotayate)
QQ99999999933Q
OCQOOQLOOODOVDOOD

OMQEC-ARVAQAN-NC
TN N AR BO M
VMDVVWVOVOBEYETE T EE
0000000000000
29222QQQQQqQQQqQ
OO0 O0DO00OOOOO0

T HNO--RRAVRW
COrTENARNOD
VONWYTENINNWVLW
CQO0OO0O0D0O0000
932399QQ499QQ
OO000D00000OOOO

DODARNAVRANANDIN
ADNOoWWMNRMD
VNN W ¢ ¢ N
CO00 0000000
Q9299Q93999Q
[=]alalafolaYelalaTaTa]

VAT -OuNnYero
wril-ReOVITND
VO T eTEmn
0000 ODOO00
299292249QQ
o000 QCO0O00OO00

NOHODOM-OCQOWNEe
NeR A AHAADIO D0
Al iAo
©QeQQQQ9QQQQQQqQ
0000000000000 0
E T T T T T O N O I O |

NAAUMVYYNNOTHRAD
NMARANNEANHADO
A A A el
Q9QQQQeQQ3QqQQ]Q
0000000000000 0
[ J T I A O O S N N S I A B 4

NOYTULNANFAVRAGM®D
TN MOERGN H el
e Ardd dddeirird "
QQQQQ29QQQQQ]q
0000000000000
trrr ettt Bl

TOWFAri@WYOOOO
M INMRNQRR SN MN
el A A el
QQQQaQQQgQQQq
0000000V DO0O0O
200 I R N I NN B N I O |

oA oOWnRe Y
MY RHAAHON
HAerdud vrdvlirdr e
©QaQQqaQQqaq
00000000000
Tttt ElL

-~ or-0on-vY
VOHOTNMMNAXAAAD
Aredrdd virirvl
Q9]9999QQQ
CO0000D0Q0
L0 T T T O O |

Sy/Sy 20203 , 1, /b, =0463

95844434935053
MNOUORN~--VINW W M
dArH000CoO000C0 00
QROO0DEDIDOD000D
QQQQe0Q9QQoaQQqQ
DDIDIDIHIDDO0ODOOQ
[ 1O S T D T O O N IO AN B I BN 3

LOMNHOOYAVONOON
N RHOR =0V WD TN
ArdrdfOCOOCODOCO
D00000VDOOODIGO
QeQQQQQQQaqyqQQ
DOOOLDDDODVDD0C
LI T T I O O O B I I

VAYOOOOMRAONINWVN
TMNAHOROOe-0W ¢ NN
HEW HOO0000O00RQo
OQOOO0O0DODD0DIDD
220999999990QQ
D200ADODODDDIDIDOD
| I T T T Y O I I O |

DA TCHOVONEW
VREADACD-MNHO
"HelrOOAQOOO0COo0
QOO0ODOBOO0OO0L0O
QQ9ogeaqQQqq
QODDDIVLSODVDDOO
[ I S Y TN I O I O |

O~ ON - Q-0
OO0
MO COCOO0O0
[e]elaleReloToTelaYaYa]
92922QQQaqQQ
DOOODOITDODOO
L I I I I O O O |

-t~ OVT OO
1) QRO =0 0 Y O O
HHO000D00CO
O00DODOOOO
q22]3QQQQQQ
DOOCOODO00DD
| T T I I T O I A |

VDU MOQADINVO YT oW
NN AR GO DY
nnnanRnan NN Qe e
OO0000DO0O00O0000QO
29949Q9QQQQaQQqQ
CoOO0O000OLOOODO0

NS HALA RN Y
CTRNRENARIREQRO O
nanmMmnaaMIRee e
00000000V O0VO0O

Q2QqQQgqQQQQqeq
CO0O0NO000CO00O0O

COUNNOVRO N T OO ROO
37755555553100
LG L LR LR LT Y
[ Y-X-Y-Y-Y-T-¥-Y-F-T-T7-7-7.
QQQQQQQQQaqqQq
[ Y-T-T-Y-Y-¥-Y-¥-Y-¥-Y.¥-Y.]

VEEOROVAHA-DITTY
QRrHOOT T HinT ¥
TeEdEnnnNnnnMYe e e
000000LOOOCOO0O
298Q8999QQQQQ
00000V QOO0000

OMVAAMHDIDON
NROY NN HOD WD
TR Qen
00000000000
229QQ949QQq
QOO oCOOCoO

HRONDD-NO
VRNOUM DO
A ATt oYk T ]
0000000000
2929QQQaqq
[==Y=R=oYaXoNoTol oY o]

MUWNTOARWMWIYVON™ S
DROAROARDO HDOOOH
0000 HOO AR ArAA

NNAQO-~0ON GO
CORAORRARANRNDON
HOO0rOO0O00D00000

CVNOOGMDOnrien
HOORCOAORDAACR
ArMdOrND00OH0000

OYRECO-D- RO
ANHOOORRAO i
AvrddH o000 A

Ot RO ROD etk
RAAHOONT D DO
qAdAA 00000

CTROdDdAWN Y A
NAHOND DD~
HrArddDCO000O

2999Q93999Q_QQ2Q QQQRQ94Q3Q]3QQY 2399929394999 QQQQQQQQQQQqQQ Q20QQQQRAQQQ QRAQ]RRQAQQ
0OQACOCOCO0OQCOC OCOCOCCCUOOOCO CCCOOOLCCTCOCCOO CCOCCOCCCCOCO OCOOOCOCO0O o0 COODO00
[ 1O T T T 0 T I IO O B B | [ I T T O I I B B Tt rre bt L I I I O T N O A A ) {20 T IO O A I |} trrrrrran
Q9 2999Q]QQRQer §Q QQQaggelQq¥ 92 QQeQeQQeQaQQw gg Q94gQeqQQQq{gs Q2 4QQQYAQR’ 9Q YAgQQqq]
% CTERORCVEFOACHTOS VEONTOUDAORTUV vRONTYOVUFRDACEYVN YTRINTOVLMDACRTY CRONWTVE-ORAO®R HRONTODOAO
Heteield A At et el wl

11 1 [ ] [ 1t [ ]

[T} m °© M M w

@
= M Q o [} [e] w




23

NACA TN Lok2

TABLE IIT,- LATERAL AND DIRECTIONAL STABILITY DATA ~ Continued

(c) Fuselage-tail combinations - Continued
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(e) Fuselage-tail combinations - Concluded

TABLE IIT.~ LATERAL AND DIRECTIONAL STABILITY DATA - Continued
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TABIE IV.= RUDHEREFFEGEEEW%SSINHM
(a) Mid-wing, o, = 6.3
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(a) Mid-wing, G, = 6.3° - Concluded

TABLE IV.- RUDDER EFFECTIVENESS DATA - Continued
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TABLE IV.~ RUDDER EFFECTIVENESS DATA - Continued
(b) High Wing, oy = 6.3°
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TABLE IV.- RUDDER EFFECTIVENESS DATA -~ Continued

(b) High Wing, oy = 6.3° - Concluded
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TABLE IV.- RUDDER EFFECTIVENESS DATA - Concluded
(e) Mid-wing, B = O°
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Figure 1.- The eign conventlon used in presentation of the data. All force and moment coefficients,
angleg, and control-surface deflections shown are positive,
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Additional geometric data

are given in tablesT and I Removable section
of fuselage
2078 I
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Dimensions in inches unless otherwise specified
Figure 2.- Geometry of the model,
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Flgure 22,~ The varigtion with Mach number of the rolling moment , slde
force, end yawing moment per degree of differential deflection of
the horizontal tail; Iy/by = 0.599, Sy/Sy = 0.267, ay = 0°, B = 0°,
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Figure 24,- The effect of rudder deflection on the stability characterietics of the mid-wing
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